Moldable setting time evaluation between sodium alginate and bovine gelatine of glutinous rice mixture as dental putty materials V Takarini, Z Hasratiningsih, E Karlina et al. Abstract. The development of mixed emulsion-based films formed by sodium alginate/gelatin incorporated with canola oil can offer particular properties such as water vapor barrier properties. The different ratios of sodium alginate/gelatin and sodium alginate/gelatin emulsionbased films incorporated with canola oil were developed and their effects on films' physical, mechanical and barrier properties were assessed. Here we set out to examine whether canola oil addition and different ratio of sodium alginate/gelatin modified physical, mechanical, and barrier properties of films. To do so, the films were prepared by vary the ratio of sodium alginate/gelatin (2.5, 1, 0.5). Canola oil addition induced changes in moisture content, thickness, solubility, water vapor transmission rate (WVTR), percent elongation at break (p<0.05). In addition, it is apparent that varying ratio of sodium alginate to gelatin induced change the mechanical properties of films. The reduction of sodium alginate to gelatin decreased the tensile strength of both films. Improved values of WVTR, tensile strength and solubility at break were observed when the ratio of sodium alginate/gelatin emulsion film incorporated with canola oil was 2.5. Therefore, different ratio of sodium alginate/gelatin incorporated with canola oil can be used to tailor emulsion films with enhanced water vapor barrier and mechanical properties
Introduction
The prevalence of novel techniques to maintain the quality of food without the requirement of food preservatives has encouraged food manufactures to improve edible film properties particularly linked in food preservation. One approach to further improve barrier properties for water vapor transfer is to design composite films by dissolving a lipid or oil into hydrocolloid film-forming solutions to make emulsion based-films. Emulsions are thermodynamically unstable systems and are prone to destabilize (e.g., coalescence, creaming) during food processing, transportation or storage [1] and emulsified films show better mechanical properties in comparison with pure lipid layers [2] . Many of the most important properties of emulsion-based films are determined by the right selection of the components used in the polymer matrix, compatability and preparation techniques [2] .
Polysaccharides and proteins are usually applied to form films with good mechanical properties and can impart a barrier properties to the oxygen and carbon dioxide but their inherent hydrophilic nature makes them a poor barrier for moisture loss. In order to have better funcionality properties, most composite films were formed by dissolving hydrophobic compounds into hydrocolloid aqueous solution. Hydrocolloids (polysaccharides and proteins) form a continuous and cohesive network and hydrophobic compounds provide the moisture barrier properties [3, 4] . For example, oil addition over the hydrocolloids matrix forms bilayer films or dispersed oil into the hydrocolloid matrix forms emulsion (emulsified films). Sodium alginate, a copolymer consisting of D-mannuronic and L-guluronic acid monomers [5] , has been known as a pH and electric fiel-responsive polymers. Films prepared with hydrocolloids such as sodium alginate generally provide a strong films but remain exceptionally poor to water because of their hydrophilic nature [6, 7] . In addition, film-forming potential of protein such as gelatin is mainly used because edible films made from gelatin are commonly characterized very transparent and form an excellent barrier to oxygen and carbondioxide but the mechanical properties of these films are vulnerable to higher water content. Several researchers have tried to improve the quality of gelatin films by adding corn starch [8] , alginate [9] , pectin [10] . The use of oils in order to improve moisture barrier properties of films has been well documented [11, 12, 13] . Canola oil has potential to be incorporated into hydrocolloids matrix since 18 carbon fatty acids account for about 95% of canola's total fatty acids [14] .
Sodium alginate and gelatin have been known for their ability to increase viscoelastic of gels [15] and to form good film-forming properties [16] . However film properties of different ratios of sodium alginate/gelatin with added canola oil have not been investigated.
The aims of the present work were to assess the effect of different ratios of sodium alginate/gelatin on films's properties. Physical and mechanical properties changes of sodium alginate/gelatin emulsion-based due to canola oil incorporation were also investigated. This evaluation was carried out by measuring the physical, mechanical and barrier properties to films.
Materials and Method

Materials
Sodium alginate (SA) and gelatin (G) purchased from Nura Jaya (Surabaya, Indonesia) were used as film-forming components of the hydrophilic continous phase for emulsion-based films. Canola oil (CO) purchased from local market was used as hydrophobic disperse phase, and glycerol purchased from local chemical store was added as plasticizer. Span 80 and tween 80 employed as emulsifiers were purchased from local chemical store.
Methods 2.2.1. Film formation
Films were produced by using casting technique in two stages. First, polysaccharides films were produced in different ratios of sodium alginate and gelatin in order to find out the formulation that resulted in films with better performance. This formulation then was used in the second stage of the study along with canola oil. In first stage, the effect of different ratios of sodium alginate/gelatin on physical, mechanical and barrier properties was evaluated. The effect of the canola oil addition was also evaluated in the second stage of the study.
Films were produced by using casting technique. First, polysaccharides films were prepared by mixing amounts of κ-carrageenan and gelatin to achieve a final polysaccharides concentration of 2.25% (w/w).
For sodium alginate/gelatin films-based films (SA/G), sodium alginate, gelatin and glycerol aqueous solutions were prepared (Table 1) For sodium alginate/gelatin emulsion-based films incorporated with canola oil (SA/G CO), the formulations above were used in addition with canola oil (40% of polysaccharides) ( Table 2) . After 2 h in waterbath, another step is neccesarry before pouring of film-forming solution in order to incorporate blends of emulsifiers and canola oil. The amount of span 80 and tween 80 required were pre-solubilised in canola oil. Then, all of these components were homogenized with Ultra-Turrax at 24.000 rpm during 2 min. 20 ml of film-forming solutions were poured onto petri dishes and they were dried in an oven at 50 0 C for 18 h. Finally, dried film were peeled off from the dishes and kept in dessicators at room temperature. 
Water Vapour Transmisson Rate (WVTR)
The water vapour transmisson rate was determined using gravimetric dessicant method [17] 
Statistical analysis
Data analyses were performed using R software (R-3.3.1 release). T-test was used to determine significant differences among the mean of physical and mechanical values calculated in SA/G and SA/G CO films. Three replications were used to determine physical and mechanical properties. For all data analyses, the effects were considered significant when P<0.05. The relationship between physical, mechanical and barrier properties was studied using explorative principal component analysis (PCA) with R software (R-3.3.1.release). Table 3 showed the water content of SA/G films and SA/G CO films at different ratios (2.5, 1, 0.5).
Results and Discussion
Moisture content
Results show that the reduction of sodium alginate (and the corresponding increase of gelatin) lead to a decrease of water content on both films. Possibly, the different ratios of SA/G presented the moisture content values (24.00-27.91%) higher than SA/G CO (16.14-27.10%). In this study we also did t-test to determine significant differences among moisture content values calculated in SA/G and SA/G CO. T-test revealed that SA/G CO films showed lower moisture content in comparing with SA/G films. From these results, it is apparent that varying the concentration of gelatin and canola oil addition can result in modification of the network of structure of the films, which is reflected in the moisture content.
Thickness
Thickness of both films (SA/G and SA/G CO) at different ratios was shown in Table 3 . Films made with SA/G particularly with the highest ratio (ratio 2.5) showed the lowest thickness. Conversely, the highest thickness (ratio 2.5) was observed from films made with SA/G CO (ratio 2.5). The possible reasoning for this may be because of the sodium alginate increased. Increasing the amount of sodium alginate used leading to increased immiscibility of the blend resulting in increasing thickness obtained. These results was also supported by t-test on thickness values calculated in SA/G and SA/G CO films incorporated with canola oil. T-test revealed that SA/G CO showed a thicker films in comparing with SA/G. The fact that thickness of that SA/G CO were higher than that of SA/G allowed us to postulate that thickness is inversely related to canola oil addition. Some authors reported that edible films containing hydrophobic substances such as waxes and oils can form thicker films [7, 20] .
Water Solubility
The water solubility of both films at different ratio was shown in Table 3 . Addition of canola oil to films containing different ratio of sodium alginate/gelatin (SA/G CO) resulted in a lower water solubility than those observed for films containing SA/G only. Both ratio 1 of film SA/G and ratio 0.5 of SA/G CO showed the highest values of water solubility indicating influence of gelatin used. These results similar with observed by some authors who found that the addition of gelatin significantly increased solubility in water [8] . The addition of canola oil at different ratios of sodium alginate/gelatin was also observed. T-test revealed that the presence of canola oil within the lowest sodium alginate and the highest gelatin concentration (ratio SA/G 0.5) led to blocking of leaching out these polysaccharides into water. 
Water vapor transmission rate
The WVTR of both films at different ratio was shown in Table 3 
Mechanical properties
In our study, the properties of tensile strength and elongation at break of both films at different ratio can be seen in Table 3 . In this study, a higher amount of sodium alginate used (and the corresponding decrease of gelatin), the highest tensile strength values obtained. It may be due to the presence of intermolecular interactions between polymers. These results were similar with results obtained by some authors who found that high tensile strength were observed for films produced with low gelatin and high starch concentration [23] . On the other hand, the elongation at break of SA/G films demonstrated an intense decrease from 24.23% to 20.97%. In films made with SA/G only the elongation values decreased as gelatin concentration increased (and the corresponding decrease of sodium alginate). A similar results were also observed by some authors [24] . Conversely, an intense increase were observed on SA/G CO. This could be due to the plasticizing effect of canola oil. By t-test we found that the elongation values of SA/G CO significant increased.
PCA analysis
In our study, a PCA was carried out to select the best ratio of films among SA/G and SA/G CO with respect to their physical, mechanical and barrier properties. Fig. 1 showed the PCA of the first two principal components of both films and also showed how the different ratios of sodium alginate/gelatin affected physical, mechanical and barrier properties. The first two components (PC1 and PC2) together explained 84.27% of the variance, with PC1 and PC2 explaining 54.63% and 29,64% of the variance, respectively (Fig.1A) . It was clearly separate between SA/G films and SA/G CO films (Fig.1B) . PCA1 reflects the effect of film solubility and WVTR and showed mainly a positive correlation with solubility and WVTR and negative correlation with elongation. PCA2 is positive correlated with thickness, TS and MC and negative correlated with elongation and solubility. PCA showed that thickness and TS of SA/G CO ratio 2.5 and SA/G CO ratio 1films (Fig.1B) were correlated since they are plotted to each other. This is in accordance to the previous results where films containing hydrophobic substances such as waxes and oils can form thicker films. In addition, a higher sodium alginate with the presence canola oil (SA/G CO ratio 2.5) make a strong intermolecular interactions between polymers (and the corresponding higher TS). Whereas MC of SA/G films ratio 2.5 versus elongation of SA/G CO films ratio 0.5 loadings, plotted on opposite side of the PC vector, were negatively correlated between each other. Solubility of SA/G film ratio 0.5 loading which is placed orthogonally against elongation of SA/G CO films ratio 0.5 do not correlate: in fact, it is known that increasing amount of gelatin used, higher values of elongation were obtained.
PCA showed that films composed of ratio 2.5 or 1 of SA/G CO were the best ratio due to good combination of tensile strength, thickness and WVTR. However, when the properties of those two ratios (2.5 and 1) were compared, ratio 2.5 present better mechanical and barrier properties (higher TS, low solubility and low WVTR). Thus, the films composed of sodium alginate/gelatin incorporated with canola oil with ratio 2.5 (SA/G CO 2.5) were elected as a better films. 
Conclusions
The incorporation of canola oil into films composed with sodium alginate and gelatin affects theirs basic functional properties. Canola oil incorporation significantly affect moisture content, thickness, WVTR, solubility in water and elongation at break. For all sodium alginate/gelatin emulsion film incorporated with canola oil, the 2.5 ratio films showed the higher tensile strength, lower solubility and lower WVTR. 
